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JP2003-038287 
[Name of Document] SPECIFICATION 

[Title of the Invention] ELECTRO-OPTIC DEVICE, METHOD FOR 

MANUFACTURING THE SAME, AND ELECTRONIC APPARATUS 
[Claims] 

[Claim 1] An electro-optic device comprising: electrodes 
opposing each other; and plural types of luminescent layers" 
emitting different colors of light and an electron injection 
layer, between the electrodes, 

wherein the electron injection layer is formed by 
depositing a -plurality of metal compounds, 

[Claim 2] The electro-optic device according to Claim 1, 
wherein the order of the deposition of the plurality of 
metal compounds is determined according to the chemical 
bonding forces of the metal compounds. 

[Claim 3] The electro-optic device according to Claim 1, 
wherein the order of the deposition of the plurality of 
metal compounds is determined according to the valences of 
the metals of the metal compounds. 

[Claim 4] The electro-optic device according to Claim 1, 
wherein the order of the deposition of the plurality of 
metal compounds is determined according to the ionic 
radiuses of the metals of the metal compounds. 

[Claim .5] The electro-optic device according to Claim 1, 
wherein the order of the deposition of the plurality of 
metal compounds is determined according to the work 
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functions of the metals of the metal compounds. 

[Claim 6] The electro-optic device according to any one 
of Claims 1 to 5, wherein the plurality of metal compounds 
principally contain at least one metal selected from the 
group consisting of alkali metals, alkaline earth metals, 
and rare earth metals. 

[Claim 7] The electro-optic device according to any one 
of Claims 1 to 6, wherein the electrode of the opposing 
electrodes in contact with the electron injection layer 
contains a metal reducing the metal compounds. 

[Claim 8] A method for manufacturing an electro-optic 
device including plural types of luminescent layers emitting 
different colors of light, an electron injection layer, and 
a catihode, 

wherein the step of forming the electron injection 
layer is performed by vapor deposition depositing a , 
plurality of metal compounds. 

[Claim 9] The method for manufacturing the electro-optic 
device, according to Claim 8, wherein the order of the 
deposition of the plurality of metal compounds in the step 
of forming the electron injection layer is determined 
according to the chemical bonding forces of the metal 
compounds . 

[Claim 10] The method for manufacturing the electro-optic 
device, according to Claim 8, wherein the order of the 
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deposition of the plurality of metal compounds in the step 
of forming the electron injection layer is determined 
according to the valences of the metals of the metal 
compounds . 

[Claim 11] The method for manufacturing the electro-optic 
device, according to Claim 8, wherein the order of the 
deposition of the plurality of metal compounds in the step 
of forming the electron injection layer is determined 
according to the ionic radiuses of the metals of the metal 
compounds . 

[Claim 12] The method for manufacturing the electro-optic 
device, according to Claim 8, wherein the order of the 
deposition of the plurality of metal compounds in the step 
of forming the electron injection layer is determined 
according to the work functions of the metals of the metal 
compounds. 

[Claim 13] A method for manufacturing the electro-optic 
device, according to any one of Claims 8 to 12, wherein the 
step of forming the cathode forms the cathode using a metal 
reducing the metal compounds. 

[Claim 14] An electronic apparatus including an electro- 
optic device as set forth in any one of Claims 1 to 7. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 
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The present invention relates to electro-optic devices, 
methods for manufacturing the same, and electronic 
apparatuses . 

[0002] 

[Description of the Related Art] 

Among electro-optic devices including luminescent 
layers are organic electroluminescence (hereinafter referred 
to as organic EL) display devices having organic EL elements 
for example. A typical organic EL element includes an 
organic EL layer (luminescent layer) lying between a pair of 
opposing electrodes . 

An organic EL display device for color images includes 
a plurality types of organic EL layers, each having a 
luminescence spectrum band corresponding to red (R) , green 
(G) , or blue (B) . These organic EL layers for these colors 
are arranged in a predetermined manner on a substrate. 
[0003] 

In order to enhance the luminescence characteristics of 
the organic EL display device, such as luminance and 
luminous efficacy, an electron injection layer may be 
provided' to accelerate electron injection from a cathode 
(electrode) to the organic EL layers in some cases. The 
electron injection layer is generally formed by vapor 
deposition of, for example, a metal fluoride (see, for* 
example, Patent Documents 1, 2, and 3) . 
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[0004] 

[Patent Document 1] 

Japanese Unexamined Patent Application Publication No. 
11-191490 

[Patent Document 2] 

Japanese Unexamined Patent Application Publication No* 
10-74586 

[Patent Document 3] 

Japanese Unexamined Patent Application Publication No. 
2000-113976 
[0005] 

[Problems to be Solved by the Invention] 

However, if the electron injection layer is disposed in 
an identical manner for all the plurality of types of 
organic EL layers, some organic EL layers may exhibit 
superior luminescent characteristics, bur others may exhibit 
inferior luminescent characteristics. For example, if a LiF 
electron injection layer is uniformly disposed for red (R) , 
green (G) , and blue (B) organic EL layers, the blue (B) 
organic EL layers can exhibit desired luminescent 
characteristics. If an electron injection layer of a metal 
fluoride other than LiF is uniformly disposed, the organic 
EL layers other than the blue (B) organic EL layers may 
exhibit desired luminescent characteristics. It has 
therefore been required that different types of electron 
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injection layers are disposed according to the types of the 
organic EL layers to produce desired color images. 
, [0006] 

In order to form the electron injection layers only in 
desired positions, mask deposition is applied. This process 
however not only uses a mask for setting deposition areas, 
but also requires that the mask is highly precisely aligned 
with the substrate. If the substrate has a large number of 
deposition areas, the mask alignment is disadvantageously 
difficult . 

, The cathode in contact with the electron injection 
layer is generally formed by vapor deposition. The cathode 
is preferably uniformly provided so that the organic EL 
display device displays well-balanced RGB color images. 
Accordingly, the cathode has to be uniformly formed over the 
entire surfaces of the organic EL layers without applying 
mask deposition. 
[0007] 

In view of the above-described circumstances, the 
object of the present invention is to provide an electro- 
optic device including an electron injection layer and a 
cathode that are uniformly formed with respect to a 
substrate so that each type of R, G, and B organic EL layers 
exhibits enhanced luminescent characteristics, and to 
provide a method for manufacturing the same and an 
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electronic apparatus . 
[0008] 

[Means for Solving the Problems] 

In order to accomplish the object above, the following 
solving means are applied to the present invention. 

The electro-optic device of the present invention 
includes plural types of luminescent layers emitting 
different colors of light and an electron injection layer 
between opposing electrodes. The electron injection layer 
is formed by depositing a plurality of metal compounds. 

The opposing electrodes refer an anode and a cathode. 
The luminescent layers allow holes from- the anode and 
electrons from the cathode to recombine to be deactivated 
from their excited state, thereby emitting light. The 
different colors of light refer to luminescent colors of red 
(R) , green (G) , and blue (B) . 

The electron injection layer efficiently injects and 
transports electrons from the cathode to the luminescent 
layers, thus functioning as an electron transport layer. 

Each metal compounds enhances the luminescent 
characteristics of at least one type of the luminescent 
layers and is arbitrarily selected so as to provide a proper 
electron injection layer. Preferably, the metal compounds 
enhance the luminescent characteristics of each type of the 
luminescent layers. 
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Thus, the electron injection layer, in the present 
invention, is formed by depositing the plurality of metal 
compounds between the luminescent layers and the cathode. 
Consequently, the electron injection layer efficiently 
injects electrons into each of the R, G, and B luminescent 
layers. When current flows to the anode, holes of the anode 
are injected into the luminescent layers and the holes 
combine with electrons. Thus, the luminescent layers emit 
light, exhibiting desired luminescent characteristics, and 
produce a full color image with proper gradation. 

[0009] 

In the electro-optic device of the present invention 
described above, the order of the deposition of the metal 
compounds is determined according to the chemical bonding 
forces of the metal compounds. 

The chemical bonding force refers to the bonding force 
between a halogen element, such as fluorine (F) or chlorine 
(CI) , or oxygen (0 2 ) and the metal element of a metal 
compound. 

According to the present invention, the resulting 
electro-optic device produces the same effects as the 
foregoing electro-optic device, and besides has an electron 
injection layer formed by depositing metal compounds between 
the luminescent layers and the cathode in the order 
determined according to the chemical bonding forces. The 
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electron injection layer, therefore, efficiently injects and 
transports electrons into the luminescent layers depending 
on the difference in chemical bonding force, thus 
contributing to producing superior luminescence 
characteristics . 
[0010] 

In the electro-optic device of the present invention 
described above,- the order of the deposition of the metal 
compounds is determined according to the valence of the 
metals of the metal compounds. 

According to the present invention, the resulting 
electro-optic device produces the same effects as the 
foregoing electro-optic device, and besides has an electron 
injection layer formed by depositing metal compounds between 
the luminescent layers and the cathode in the order 
determined according to • the valences of the metals. The 
electron injection layer, therefore, efficiently injects 
electrons into the luminescent layers depending on the* 
difference in the valence of metal elements, thus 
contributing to producing superior luminescence 
characteristics. 

[0011] 

In the electro-optic device of the present invention 
described above, the order of the deposition of the metal 
compounds is determined according to the ionic radiuses of 
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the metals of the metal compounds. 

According to the present invention, the resulting 
electro-optic device produces the same effects as the 
foregoing electro-optic device, and besides has an electron 
injection layer formed by depositing metal compounds between 
the luminescent layers and the cathode in the order 
determined according to the ionic radiuses of the metals. 
The electron injection layer, therefore, efficiently injects 
electrons into the luminescent layers depending on the 
difference in the ionic radius of metals, thus contributing 
to producing superior luminescence characteristics. 
[0012] 

In the electro-optic device of the present invention 
described above, the order of the deposition of the . metal 
compounds is determined according to the work functions of 
the metals of the metal compounds. 

According to the present invention, the resulting 
electro-optic device produces the same effects as the 
foreigoing electro-optic device, and besides has an electron 
injection layer formed by depositing metal compounds between 
the luminescent layers and the cathode in the order 
determined according to the work functions of the metals. 
The electron injection layer, therefore, efficiently injects 
electrons into the luminescent layers depending on the 
difference in the work functions of metals, thus 
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contributing to producing superior luminescence 
characteristics . 
[0013] 

In the electro-optic device of the present invention 
described above, the plurality of metal compounds 
principally contain at .least one metal selected from the 
group consisting of alkali metals, alkaline earth metals, 
and rare earth metals. 

Alkali metals, alkaline earth metals, and rare earth 
metals are generally known as materials having low work 
functions. 

According to the present invention, the electron 
injection layer can efficiently inject electrons into the 
luminescent layers because the electron injection layer 
contains such a metal as the principal constituent. 

Preferably, the above-described metal compounds are of 
fluoride, oxide, or chloride. Examples of preferred metal 
compounds include NaF (sodium fluoride), LiF (lithium 
fluoride), CsF (cesium fluoride), RbF (rubidium fluoride), 
Na 2 0 (sodium oxide), Li 2 0 (lithium oxide), CaF 2 (calcium 
fluoride), MgF 2 (magnesium fluoride), BaF 2 (barium fluoride), 
SrF 2 (strontium fluoride), YbF 3 (ytterbium fluoride), ErF 3 
(erbium fluoride), TbF 3 (terbium fluoride), and SmF 3 
(samarium fluoride) . 

Words "principally contain" used herein refer to 
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containing as the principal constituent that has the highest 
content . 

[0014] 

IN the electro-optic device of the present invention, 
the opposing electrode in contact with the electron 
injection layer of the opposing electrodes contains a metal 
reducing the metal compounds. 

It has been generally known that some of the alkali 
metals, alkaiine earth metals, and rare earth metals have 
higher saturated vapor pressures than high-melting-point 
metals, such as Al (aluminium) and can be reduced by Al or 
other high-melting-point metals under reaction conditions of 
high temperature and high pressure. For example, CaO 
(calcium oxide) is reduced by Al to liberate Ca. Rb 2 0 
(rubidium oxide) and SrO (strontium oxide) are also reduced 
by Al to liberate Rb (rubidium) and Sr (strontium) . 

The metal compounds are reduced to liberate the metal . 
atoms of the metal compounds and, thus, the luminescent 
layers are doped with the metal atoms. The metal atoms 
diffuse into the luminescent layers to merge with the 
macromolecules in the luminescent layers. Thus, the 
electron injection layer and the luminescent layers 
intertwine with each other, thereby enhancing the electron 
injection characteristics. Hence, the luminescent 
characteristics of the luminescent layers are enhanced. 
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Preferred metals reducing the metal compounds include 
Al, Au (gold) , Ag (silver), Cr (chromium), Cu (copper), Ni 
(nickel), Ca, Mg (magnesium), Sr, Yb (ytterbium) , Er 
(erbium) , Tb (terbium) , and Sm (samarium) . 
[0015] 

The method for manufacturing an electro-optic device of 
the present invention is intended to manufacture an electro- 
optic device including plural types of luminescent layers 
emitting different colors of light, an electron injection 
layer, and a cathode, and the step of forming the electron 
injection layer is performed by vapor deposition depositing 
a plurality of metal compounds . 

Vapor deposition is the method of vaporizing a metal in 
a vacuum vessel at a predetermined temperature and pressure 
and depositing the metal atoms or metal molecules on a 
predetermined substrate to form a thin film. Vapor 
deposition can easily form a uniform thin film with a 
thickness on the order of nanometers. In the formation of a 
plurality of thin films by vapor deposition, the sources of 
deposition are selected according to the order of deposition 
of the thin films. 

Thus, the present invention can manufacture the above- - 
described electro-optic device. Hence, according to the 
present invention, the same effect as the foregoing electro- 
optic device can be produced. 
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• [0016]- 

The method for manufacturing the electro-optic device 
of the present invention manufactures the above-described 
electro-optic device, and the order of the deposition of the 
metal compounds in the step of . forming the electron 
injection layer is determined according to the chemical 
bonding forces of the metal compounds . 

According to the present invention, the resulting 
electro-optic device produces the same effects as in the 
foregoing manufacturing method, and besides has an electron 
injection layer formed by depositing metal compounds between 
the luminescent layers and the cathode in the order 
determined according to the chemical bonding forces. 
[0017] 

The method for manufacturing the electro-optic device, 
of the present invention manufactures the above-described 
electro-optic device, and the order of the deposition of the 
metal compounds in the step of forming the electron 
injection layer is determined according to the valence of 
the metals of the metal compounds. 

According to the present invention, the resulting 
electro-optic device produces the same effects as the 
foregoing manufacturing method, and besides has an electron 
injection layer formed by depositing metal compounds between 
the luminescent layers and the cathode in the order 
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determined according to the valences of metals. 
[0018] 

The method for manufacturing the electro-optic device 
of the present invention manufactured the* above-described 
electro-optic device, and the order of the deposition of the 
metal compounds in the step of forming the electron 
injection layer is determined according to the ionic 
radiuses of the metals of the metal compounds. 

According to the present invention, the resulting 
electro-optic device produces the same effects as the 
foregoing manufacturing method, and besides has an electron 
injection layer formed by depositing metal compounds between 
the luminescent layers and the cathode in the order 
determined according to the ionic radiuses of metals. 

[0019] 

The method for manufacturing the electro-optic device 
of the present invention manufactures the above-described 
electro-optic device, and the order of the deposition of the 
metal compounds in the step of forming the electron 
injection layer is determined according to the work 
functions of the metals of the metal compounds. 

According to the present invention, the resulting 
electro-optic device produces the same effects as the 
foregoing manufacturing method, and besides has an electron 
injection layer formed by depositing metal compounds between 
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the luminescent layers and the cathode in the order 
determined according to the work functions of metals. 
. [0020] 

The method for manufacturing the electro-optic device 
of the present invention manufactures the above-described 
electro-optic device, and the step of forming the cathode 
uses a metal reducing the metal compounds. 

According to the present invention, the same effect as 
in the manufacturing method can be produced. 

[0021] 

The electronic apparatus of the present invention 
includes the electro-optic device of the present invention. 

Examples of the electronic apparatus include cellular 
phones, mobile information terminals, wristwatches, and 
information processing apparatuses, such as word processors 
and personal computers. By using the electro-optic device 
of the present invention as the display, the resulting 
electronic apparatus exhibits superior luminescent 
characteristics. 

[0022] 

[Description of the Embodiments] 

Embodiments of the electro-optic device, method for 
manufacturing the same, and electronic apparatus using the 
same, of the present invention will now be illustrated with 
reference to drawings. While the invention will be 
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described using the embodiments, various modification in 
form and detail may be made without departing from the scope 
and spirit of the invention. The layers and members in the 
drawings are illustrated on different scales so as to be 
visible . 

[0023] 

[First Embodiment] 

For a first embodiment of the electro-optic device of 
the present invention, an EL display device using electro- 
optic substances, particularly organic electro luminescent 

(EL) materials, will be described. Fig. 1 is a schematic 

illustration of a wiring arrangement of the EL display 

> 

device according to the first embodiment. 

[0024] 
(EL display device) 

The EL display device (electro-optic device) 1 shown in 
Fig. 1 is an active matrix EL display device using thin-film 
transistors (hereinafter referred to as TFTs) as switching 
elements. 

[0025] 

The EL display device 1 includes a plurality of 
scanning lines 101, a plurality of signal lines 102 
extending perpendicular to the scanning lines 101, a 
plurality of power lines 103 extending parallel to the 
signal lines 102, and pixel regions X at the vicinities of 

! 
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the intersections of the scanning lines 101 and the signal 
lines 102, as shown in Fig. 1. 
[0026] 

The signal lines 102 are each connected to a data line 
driving circuit 100 including a shift register, a level 
shifter, a video line, and an analog switch. The scanning 
lines 101 are each connected to a scanning line driving 
circuit 80 including a shift register and a level shifter. 

[0027] 

Each pixel region X includes: a switching TFT 112 
having a gate electrode to which scanning signals are 
transmitted through the corresponding scanning . line 101; a 
hold capacitor 113 for holding an image signal supplied from 
the corresponding signal line 102 through the switching TFT 
112; a driving TFT 123 having a gate electrode to which the 
image signal held by the hold capacitor 113 is transmitted; 
a pixel electrode 23 to which a driving current is 
transmitted from the corresponding power line 103 when the 
pixel electrode (electrode) 23 is electrically connected to 
the power line 103 with the driving TFT 123; and a function 
layer 110 between the pixel electrode 23 and a cathode 
(electrode) 50. The pixel electrode 23, the cathode 50, and 
the function layer 110 constitute a luminescent element. 
[0028] 

In the EL display device 1, when the scanning line 101 
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is activated to turn on the switching TFT 112, the potential 
of the signal line 102 at this moment is held by the hold 
capacitor 113 and an on-off state of the driving TFT 123 is 
set depending on the state of the hold capacitor 113. The 
current from the power line 103 is transmitted to the pixel 
electrode 23 through the channel of the driving TFT 123 and 
further transmitted to the cathode 50 through the function 
layer 110. The function layer 110 emits light according to 
the quantity of the current therethrough. - 
[0029] 

The form of the EL display device of the present 
embodiment will be illustrated in detail with reference to 
Figs. 2 to 5. Fig. 2 is a. schematic plan view of the EL 
display device 1. Fig. 3 is a sectional view taken along 
line A-B in Fig. 2, and Fig. 4 is a sectional view taken 
along line C-D in Fig. 2. Fig. 5 is a fragmentary enlarged 
sectional view of the substantial part shown in Fig. 3. 

[0030] 

« 

The EL display device 1 of the present embodiment, 
shown in Fig. 2, includes: a light-transmissive, 
electrically insulative substrate 20; a pixel electrode 
region, not shown in the figure, in which pixel electrodes 
each connected to the corresponding switching TFT, not shown 
in the figure, are arranged in a matrix manner on the 
substrate 20; the power lines 103 disposed around the pixel 
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electrode region, each connected to the corresponding pixel 
electrode; and a pixel portion 3 (inside the area designated 
by the dotted-chain line in the figure) being rectangular in 
plan view, disposed over at least the pixel electrode region 
The pixel portion 3 is divided into two regions: an 
effective display region 4 (inside the area designated by 
the two-dot chain line in the figure) in the middle of the 
pixel portion; and a dummy region 5 (in the area between the 
dotted-chain line and the two-dot chain line) surrounding 
the effective display region 4. 
[0031] 

The effective display region 4 includes R, G, and B 
display regions each having the pixel electrode, arranged 
separately in the A-B direction and the C-D direction. 

The scanning line driving circuits 80 are disposed at 
both sides in the figure of the effective display region 4. 
The scanning line driving circuits 80 are disposed under the 
dummy region. 5. 

[0032] 

In addition, a test circuit 90 is provided above the 
effective display region 4 in the plan view. The test 
circuit 90 is disposed under the dummy region 5. The test 
circuit 90 .is intended to check the operational state of the 
EL display device 1. For example, the test circuit 90 
includes check data output means, not shown in the figure, 
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for outputting check record, so that the quality of the 
display device during the process or before shipping can be 
checked for defects. 
[0033] 

The driving voltages of the scanning line driving 
circuits. 80 and the test circuit 90 are applied from a 
predetermined power supply through driving voltage 
conductors 310 (see Fig, 3) and other driving voltage 
conductors 340 (see Fig. 4) . Drive control signals and 
driving voltages to the scanning line driving circuits 80 
and the test circuit 90 are transmitted and applied from a 
predetermined main driver or the like for controlling the 
operation of the j EL display device 1 through drive control 
signal conductors 320 (see Fig. 3) and a driving voltage 
conductor 350 (see Fig. 4) . The drive control signals refer 
to control command signals transmitted from the main driver 
or the like when the scanning line driving circuits 80 and 
the test circuit 90 output signals. 

[0034] 

As shown in Figs. 3 and 4, the EL display device 1 has 
the substrate 20 and a sealing substrate 30 bonded with a 
sealing resin 40. In the region enclosed by the substrate 
20, the sealing substrate 30, and the sealing resin 40, a 
dryer 45 and a nitrogen gas-filling layer 46 which is filled 
with nitrogen gas are provided to prevent water and oxygen 
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from entering the inside of the EL display device 1. Thus, 
the lifetime of the EL display device 1 is increased. 

The dryer 45 may be replaced with a getter. 

[0035] 

For a so-called top-emission EL display device, the 
substrate 20 may be transparent or opaque because 
luminescent light is drawn from the sealing substrate 30 
opposing the substrate 20. Exemplary opaque materials for 
the substrate 20 include ceramics such as alumina, stainless 
steal sheets or other metal sheets subjected to insulating 
treatment by, for example, surface oxidation, thermosetting 
resins, and thermoplastic resins. 

For a so-called back-emission EL display device, the 
substrate 20 is transparent or semitransparent because 
luminescent light is drawn from the substrate 20. For 
example, glass, quartz, and resins (plastics and plastic 
films) are used, and particularly soda glass is preferably 
used because of its low expense. 

[0036] 

The sealing substrate 30 may be an electrically 
insulative plate. The sealing resin 40 is made of, for 
example, a thermosetting resin or a UV ' curable resin. In 
particular, an epoxy resin, which is one type of 
thermosetting resins, is preferably used. 

[0037] 
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A circuit portion 11 including the driving TFTs 123 and 
other elements for driving the pixel electrodes 23 is formed 
over the substrate 20 and the function layer 110 is provided 
on the circuit portion 11. As shown in Fig, 5, the function 
layer 110 includes pixel electrodes 23, hole 

injection/transport layers 70 for injecting and transporting 
holes from the respective pixel electrodes 23, organic EL 
layers (luminescent layers) 60 including an organic EL 
substance, which is one type of electro-optic substances, an 
electron injection layer 52 for injecting electrons into the 
organic EL layers 60, and a cathode 50, deposited in that 
order. 

[0038] 

The pixel electrodes 23, which are formed of a 
transparent conducive film such as ITO, inject positive 
holes to the respective organic EL layers 60 depending on 
the voltage applied, and have a high work function and 
conductivity. The material of the pixel electrodes 23 is 
not limited to ITO. For a so-called top emission EL display 
device, it is not necessary to use a light- transmissive 
material, and any material may be used as long as it is 
suitable. For a so-called back emission EL display device, 
known transparent materials may be used. For example, metal 
oxides may be used, including indium tin oxide (ITO) and 
zinc (Zn) -containing metal oxides, such as indium zinc oxide 
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amorphous transparent conductive film (IZO, registered 
trademark, produced by Idemitsu Kosan Co., Ltd.). 
[0039] 

The hole injection/transport layers 70 are formed of, 
for example, a polythiophene derivative or a polypyrrole 
derivative. These materials may be doped. More 
specifically, for example, Bytron-p produced by Bayer 
Chemicals, which is one type of PEDOT:PSS, is preferably 
used.. 

[0040] 

The organic EL layers 60 each have a luminescence 
spectrum band corresponding to one of three primary colors 
to display full color images. A pixel is constituted of an 
organic EL layer 60R having a red luminescence spectrum band, 
an organic EL layer 60G having a green luminescence spectrum 
band, and an organic EL layer 60B having a blue luminescence 
spectrum band. These EL organic layers gradate and emit 
light. Thus, the EL display device 1 produces full color 
images as a whole. 

The organic EL layers 60 may be formed of known 
luminescent materials capable of emitting fluorescence or 
phosphorescence. For example, such materials contain 
preferred luminescent materials, such as polyfluorene 
derivatives (PF) , poly (p-phenylene vinylene) derivatives 
(PPV), polyphenylene derivatives (PP) , poly (p-phenylene) 
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derivatives (PPP) , polyvinylcarbazole (PVK) , polythiophene 
derivatives, and poly (methylphenylsilane) (PMPS) and other 
polysilanes. 

These macromolecular materials may be doped with 
macromolecuiar colorants, such as perylene dyes, coumarin 
dyes, and rhodamine dyes, or low-molecular-weight materials, 
such as rubrene, perylene, 9, 10-diphenylanthracene, 
tetraphenylbutadiene, Nile Red, Coumarin 6, and quinacridone 

[0041] 

The electron injection layer 52 is formed by uniformly 
depositing a plurality of metal compounds over the entire 

surfaces of the organic EL layers 60. One of the plurality 

i 

of metal compounds enhances the luminescence characteristics 
of at least one type of the organic layers 60. By forming 
the electron injection layer of the plurality of metal 
compounds, the resulting layer can perform electron 
injection without degrading the luminescent characteristics 
of the organic EL layers 60R, 60G, and 60B. 

The materials of the metal compound contain at least 
one of alkali metals, . alkaline earth metals, and rare earth 
metals as the principal constituent, and suitable compounds 
of such metals include fluorides, oxides, and chlorides. 
Examples of preferred metal compounds include NaF (sodium 
fluoride), LiF (lithium fluoride), CsF (cesium fluoride), 
RbF . (rubidium fluoride), Na 2 0 (sodium oxide), Li 2 0 (lithium 
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oxide), CaF 2 (calcium fluoride), MgF 2 (magnesium fluoride), 
BaF 2 (barium fluoride), SrF 2 (strontium fluoride), YbF 3 
(ytterbium fluoride) , ErF 3 (erbium fluoride) , TbF 3 (terbium 
fluoride) , and SmF 3 (samarium^ fluoride) . 

The metal compounds are deposited in the order 
according to their work functions. A metal compound having 
a lower work function is deposited closer to the organic EL 
layers 60, 

[0042]. 

For the electron injection layer 52 in the present 
embodiment, LiF and SrF 2 are used as the metal compounds. 
In this instance, since Li has a lower work function that Sr, 
LiF is .deposited on the organic EL layers 60 and then SrF 2 
is deposited on the LiF. Preferably, LiF is deposited at a 
thickness of 1 to 4 nm. 

Although the electron injection layer 52 of the present 
invention includes two layers of the metal compounds LiF and 
SrF 2 , the number of the layers is not particularly limited 
to two. Three metal compound layers or more may be formed. 

[0043] 

The cathode 50 has an area larger than that of the 
total area of the effective display region 4 and dummy 
region 5 to cover both of them, as shown in Figs. 3 and 4, 
and contains a metal reducing the metal compounds of the 
electron injection layer 52. The cathode 50 may be a 
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composite including a first cathode layer of a reducing 
metal deposited on the organic EL layer side and a second 
cathode layer of aluminium, an alloy principally containing 
aluminium, silver, or a silver-magnesium alloy deposited on 
the first cathode layer . 

Preferred reducing metals include Al, Au (gold) , Ag 
(silver), Cr (chromium), Cu (copper), Ni (nickel), Ca, Mg 
(magnesium), Sr, Yb (ytterbium), Er (erbium), Tb (terbium), 
and Sm (samarium) . 

The second cathode layer covers the first cathode layer 
to protect it from chemical reactions with oxygen or water, 
and enhances the conductivity of the cathode 50. The 
material of the second cathode layer is, therefore, not 
limited to metals, and any material may be used as long as 
it is chemically stable and has a low work function. Also, 
the second cathode layer may be in a single layer form. For 
a so-called top emission EL display device, a known 
transparent material/ ITO, is preferably used. Other 
transparent materials include metal compounds containing 
zinc (Zn),.such as indium zinc oxide amorphous transparent 
conductive film (IZO, registered trademark, produced by 
Idemitsu Kosan Co., Ltd.) . 

In the present embodiment, the cathode 50 includes a Ca 
first cathode layer and an Al second cathode layer. 

However, the cathode 50 is not limited to the composite 
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including the first and second cathode layers, and it may be 
formed of a mixture of the materials of the first and second 
cathode layers. 
[0044] 

The vicinities of the driving TFTs 123 in the effective 
display region 4 will now be described with reference to Fig. 
5. Fig. 5 shows a cross section of the pixel region X, 
taken along line A-B in Fig. 2. 

As shown in Fig. 5, a protective underlayer 281 
essentially composed of Si0 2 and silicon layers 241 are 
formed, in that order, on the surface of the substrate 20. 
The surfaces of the silicon layers 241 are covered with a 
gate insulating layer 282 principally containing Si0 2 and/or 
SiN. 

[0045] 

The region of the silicon layer 241 opposing a gate 
electrode 242 with the gate insulating layer 282 
therebetween serves as a channel region 241a. The gate 
electrode 242 is a part of the scanning line 101 not shown 
in the figure. The surface of the gate insulating layer 282 
covering the silicon layer 241 and having the gate electrode 
242 is covered with a first insulating interlayer 283 
principally containing Si0 2 . 
[0046] 

The silicon layer 241 also includes a lightly doped 
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source region 241b and a heavily doped source region 241S at 
the source side of the channel region 241a, and a. lightly 
doped drain region 241c and a heavily doped drain region 
241D at the drain side of the channel region 241a, thus 
having a so-called LDD (light doped drain) structure. The 
heavily doped source region 241S is connected to a source 
electrode 243 through a contact hole 243a formed in the gate 
insulating layer 282 and the first insulating interlayer 283. 
The source electrode 243 is a part of the above-described 
power line 103 (see Fig. 1, extending from the source 
electrode 243 in Fig. 5 perpendicular to the sheet of the 
figure) . The heavily doped drain region 241D is connected 
to a drain electrode 244 formed in the same layer as the 
source electrode 243 through a contact hole 244a formed in 
the gate insulating layer 282 and the first insulating 
interlayer 283. 
[0047] 

The. upper surface of the first insulating interlayer 
283 having the source electrode 243 and the drain electrode 
244 is covered with a second insulating interlayer 284 
principally containing, for example, an acrylic resin. The 
second insulating interlayer 284 may be formed of a material 
other than the acrylic insulative resin, such as SiN or Si0 2 . 
The ITO (indium tin oxide) pixel electrodes 23 are disposed 
on the upper surface of the second insulating interlayer 284, „ 
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and are each connected to the corresponding drain electrode 
244 through a contact hole 23a formed in the second 
insulating interlayer 284. Thus, each pixel electrode 23 is 
connected to the heavily doped drain region 241D of the 
silicon layer 241 through the drain electrode 244. 
[0048] 

TFTs (driving circuit TFTs) included in the scanning 
line driving circuits 80 and the test circuit 90, which are 
n-channel or p-channel TFTs constituting an inverter of a 
shift register, also have the same structure as the other 
driving TFTs 123 except that they do not connected to the 
pixel electrodes 23. 

[0049] 

The surface of the second insulating interlayer 284 
having the pixel electrodes 23 is covered with a lyophilic 
control layer 25 principally containing a lyophilic material, 
such as Si0 2 , and an organic bank layer 221 made of, for 
example, acrylic resin, polyimide, or the like. The 
lyophilic control layer 25 and the organic bank layer 221 
have openings 25a and 221a, respectively, corresponding to 
the pixel electrodes 23. A hole injection/transport layer 
70 and the organic EL layer 60 are deposited, in that order, 
on the surface of the each pixel electrode 23 in the 
openings 25a and 221a. "Lyophilic 11 of the lyophilic control 
layer 25 means that the control layer has a higher affinity 
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for liquid higher than at least the material of the organic 
bank layer 221, such as an acrylic resin or polyimide. 

These layers from the substrate 20 to the second 
insulating interlayer 284 constitute the circuit portion 11. 

[0050] 

In. order to display color images, the EL display device 
1 of the present embodiment includes the organic EL regions 
60R, 60G, and 60B in their respective display regions R, G, 
and B, and a BM (black matrix) , not shown in the figure, is 
formed by metallic chromium sputtering or the like between 
the organic bank layer 221 and the lyophilic control layer 
25 at each boundary between the display regions. 

[0051] 

Since in the EL display device 1 thus structured, the 
metal compounds LiF and SrF 2 are deposited on the surfaces 
of the organic EL layers 60R, 60G, and 60B in increasing 
order of work function, "the resulting layer can efficiently 
inject electrons to each of the organic EL layers 60R, 60G, 
and 60B. When current flows to the anode, holes are 
injected into the organic EL layers 60 and the holes combine 
with electrons. Consequently, the organic EL layers 60 emit 
light,, thus producing a full color image with suitable 
gradation. Since the electron injection layer 52 contains 
the plurality of metal compounds, the luminescent 
characteristics of each of the organic EL layers 60R, 60G, 
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and 60B can be enhanced. 
[0052] 

• In addition, since the cathode 50 contains a reducing 
metal compound Ca, the LiF and SrF 2 are reduced by Ca to 
liberate Li and Sr. Thus, the organic EL layers 60 are 
doped with the Li and Sr. The Li and Sr disperse into the 
organic EL layers 60 to merge with the macromolecules in the 
organic EL layers 60. Thus, the electron injection layer 52 
and the organic EL layers 6,0 intertwine with each other, 
thereby enhancing the electron injection characteristics. 
Hence, the reducing metal enhances the luminescent 
characteristics of the organic EL layers 60. Furthermore, 
the EL display device 1 can produce RGB color images with 
gradation . 

[0053] 

In, the present embodiment, the order of the deposition 
of the plurality of metal compounds is determined according 
to the work function of the metals. However the order is 
not limited to the work function, but may be determined 
according to the chemical bonding forces of the metals, the 
valences of the metals, or the ionic radiuses of the metals. 
Even such a structure can enhance the luminescent 
characteristics of the organic EL layers 60, and hence 
produce the same effect as in the above-described embodiment 

[0054] 
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(Manufacturing method of EL display device) 

A method for manufacturing the EL display device 1 of 
the present embodiment will be illustrated in detail with 
reference to Figs. 6 to 11. Figs. 6 to 10 are sectional 
views of manufacturing process steps, taken along line A-B 
in Fig. 2. Fig. 11 is a schematic illustration of a vapor 
deposition apparatus used for manufacturing the EL display 
device 1 . 

[0055] 

As shown in Fig. 6(a), first the protective underlayer 
281 is formed on the surface of the substrate 20. An 
amorphous silicon layer 501 is deposited on the protective 
underlayer 281 by ICVD or plasma CVD, and is then 
crystallized to form a polysilicon layer by laser annealing 
or flash heating. 
[0056] 

Turning to Fig. 6(b), the polysilicon layer is 
patterned by photolithography to form silicon layers 241, 
251, and 2 61 in an island-shaped manner. The silicon layers 
241 among these silicon layers are disposed in the display' 
region and included in the respective driving TFTs 123 
connected to the pixel electrodes 23. The silicon layers 
251 and 261 respectively constitute a p-channel and an n- 
channel TFT (driving circuit TFTs) included in the scanning 
line driving circuits 80. 
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[0057] 

Then, the gate insulating layer 282 is deposited to a 
thickness in the range of about 30 to 200 nm over the entire 
surfaces of the silicon layers 241, 251, and 261 and the 
protective underlayer 281 by plasma CVD or heat oxidation; 
If heat oxidation is applied, the silicon layers 241, 251, 
and 261 may be crystallized simultaneously with the 
formation of the gate insulating layer 282, thereby turning 
into polysilicon layers . 

[0058] 

• Also, if the silicon layers 241, 251, and 261 are 
channel-doped, boron ions are implanted at a dosage of about 
1 x 10 12 cm" 2 at this timing. Consequently, the silicon 
layers 241, 251, and 261 become lightly doped p-type silicon 
layers containing about 1 x 10 17 cm" 3 of dopant (calculated 
using the dopant after activation annealing) . 
[0059] 

Then, phosphorus ions are implanted at a dosage of 
about 1 x 10 15 cm" 2 through an ion implantation mask provided 
on part of the channel layers of the p-channel TFT and n- 
channel TFT. As a result, a high concentration of dopant is 
introduced into the patterning mask in a. self-aligning 
manner. Thus, heavily doped source regions 241S and 261S 
and heavily doped drain regions 241D and 261D are formed in 
the silicon layers 241 and 261, as shown in Fig. 6(c). 
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[0060] 

Then, a gate electrode- forming conductive layer 502 is 
formed of a doped silicon, a silicide, or a metal film, such 
as that of aluminium, chromium, or tantalum, over the entire 
surface of the gate insulating layer 282, as shown in Fig. 
6(c). The conductive layer 502 has a thickness of about 500 
run. Subsequently, a gate electrode 252 of the p-channel 
driving circuit TFT, the gate electrodes 242 of the pixel 
TFTs, and a gate electrode 262 of the n-channel driving 
circuit TFT are formed by patterning, as shown in Fig. 6(d). 
In addition, the drive control signal conductors 320 (350) 
and first layers 121 of cathode power supply lines are 
formed at this moment. In this instance, the drive control 
signal conductors 320 (350) are disposed in the dummy region 
5. 

[0061] 

Then, phosphorus ions are implanted into the silicon 
layers 241, 251, and 261 at a dosage of about 4. x 10 13 cm" 2 
using the gate electrodes 242, 252, and 262 as masks, as 
shown in Fig. 6(d). As a result, a low concentration of 
dopant is introduced into the gate electrodes 242 , 252, and 
262 in a self-aligning manner. Thus, lightly doped source 
regions 241b and 261b and lightly doped drain regions 241c 
and 261c are formed in the silicon layers 241 and 261, as 
shown in Figs. 6(c) and 6(d). In the silicon layer 251, 
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lightly doped regions 251S and 251D are formed. 
[0062] 

Turning to Fig. 7(e), an ion implantation mask 503 is 
provided- so as to cover the entire surface except the p- 
channel driving circuit TFT 252. Boron ions are implanted 
into the silicon layer 251 at a dosage of about 1.5 x 10 15 
cm" 2 through the ion implantation mask 503. As a result, the 
gate electrode 252 of the p-channel driving circuit TFT 
serves as a mask, and thus the. silicon layer 252 is doped 
with a high concentration of dopant in a self-aligning 
manner. Thus, the lightly doped regions 251S and 251D are 
counter-doped to form a source region and a drain region of 
the p-channel driving circuit TFT. 

[0063] 

Turning to Fig. 7(f), the first insulating inter layer 
283 is formed over the entire surface of the substrate 20, 
and is subsequently patterned to form contact holes C 
corresponding to the positions of the source and drain 
electrodes of each TFT by photolithography. 

[0064] 

Turning to Fig. 7(g), a conductive layer 504 is formed 
of. a metal, such as aluminium, chromium, or tantalum, to 
cover the first insulating interlayer 283. The conductive 
layer 504 has a- thickness in the range of about 200 to 800 
nm. Then, 'on the conductive layer 504, the patterning masks 
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505 are provided to cover the regions 240a where the source 
and drain electrodes of the TFTs will be formed, the regions 
310a where the driving voltage conductors 310 (340) will be 
formed, and the regions 122a where a second layer of the 
cathode power supply line will be. formed. The conductive 
layer 504 is patterned to form source electrodes 243, 253, 
and 263 and drain electrodes 244, 254, and 264 shown in Fig. 
8(h). 

[0065] 

Turning to Fig. 8 (i) , the second insulating interlayer 
284 covering the first insulating interlayer 283 having 
these source and drain electrodes is formed of a 
macromolecular material, such as an acrylic resin. 
Preferably, the second insulating interlayer 284 has a 
thickness in the range of about 1 to 2 |jm. The second 
insulating interlayer may be formed of SiN or Si0 2 . In this 
instance, preferably, the thickness of the SiN layer is set 
at about 200 nm, and the thickness of the Si0 2 layer is set 
about 800 nm. 
[0066] 

Turning to Fig. 8(j), contact holes 23a are formed in 
the second insulating interlayer 284 by etching to remove 
the regions corresponding to the drain electrodes 244 of the 
driving TFTs. 

Then, a transparent conductive layer for the pixel 
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electrodes 23 is formed to cover the entire surface of the 
substrate 20. The transparent conductive layer is patterned 
to the pixel electrodes 23 electrically connected to the 
respective drain electrodes 244 through the contact holes 
23a, and to dummy patterns 2 6 in the dummy region, as shown 
in Fig. 9(k). The pixel electrodes shown in Figs. 3 and 4 
collectively include the actual pixel electrodes 23 and the 
dummy patterns 26. 

The dummy patterns 2 6 are not connected to underlying 
metal wires through the second insulating interlayer 284. 
Specifically, the dummy patterns 26 are disposed in an , 
island-shaped manner and have substantially the same shape 
as the pixel electrodes 23 disposed in the effective display 
region. The dummy patterns 2 6 may of course have a 
different shape from that of the pixel electrodes 23. In 
this instance, the dummy patterns 26 are disposed at least 
over the driving voltage conductors 310 (340). 
[0067] 

Turning to Fig. 9(1), the lyophilic control layer 25, 
which is an insulating layer, is formed over the pixel 
electrodes 23, the dummy patterns 26, and the second 
insulating interlayer 284. The lyophilic control layer 25 
partially has openings 25a (see Fig. 3 as well) over the 
pixel electrodes 23 so that holes can transfer from the 
pixel electrodes 23. In contrast, over the dummy patterns 



- 38 - 



JP2003-038287. 



2 6 not having the openings 25a, the insulating layer 
(lyophilic control layer) 25 functions as a hole transfer 
block layer to prevent hole from transferring. 
[0068] 

Subsequently, as shown in Fig; 9(1), the BM is formed 
in the recess of the lyophilic control layer 25 between each 
two adjacent pixel electrodes 23. More specifically, 
metallic chromium is deposited in the recesses of the 
lyophilic control layer 25 by sputtering. 

[0069] 

Turning to Fig. 9 (m) , the organic bank layer 221 is 
formed in predetermined regions of the lyophilic control 1 
layer 25 so as to cover the BM. For the organic bank layer 
221, a resist, such as an acrylic resin or a polyimide resin, 
is dissolved in a solvent and this solution is applied to 
form an organic layer by spin coating, dip coating, or the 
like. Any material can be used for the organic layer, as 
long as it is insoluble in solvents for an ink described 
later and easy to pattern by etching. 

[0070] 

Then, the organic layer is simultaneously etched by 
photolithography or the like to form openings 221a. Thus 
the organic bank layer 221 having the openings 221a with 
side walls is obtained. In this instance, the organic bank 
layer 221 is disposed at least over the drive control signal 
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conductors 320. 
[0071] 

The surface of the organic bank layer 221 is provided 
with lyophilic regions and liquid-repellent regions. In the 
present embodiment, these regions are formed in a plasma 
treatment process. The plasma treatment process includes: a 
preheating step; the step of giving ink-philic 
characteristics or lyophilic characteristics to the side 
surfaces of the openings ■ 221a of the organic bank layer 221, 
the electrode surfaces 23c of the pixel electrodes 23, and 
the upper surface of the lyophilic control layer 25; the 
step of giving ink-repellent characteristics to the upper 
surface of the organic bank layer 221, and a cooling step. 

[0072] 

Specifically, the base material (substrate 20 having 
the bank layer and other layers) is heated to a 
predetermined temperature of, for example, about 70 to 80°C. 
Subsequently, in the step of giving ink-philic 
characteristics, the base material is subjected to plasma 
treatment (0 2 plasma treatment) in an atmosphere of air, 
using oxygen as a reaction gas. Then, in the step of giving 
ink-repellent characteristics, plasma treatment (CF 4 plasma 
treatment) is performed in an atmosphere of air, using 
tetraf luoromethane as a reaction gas. The substrate heated 
for the plasma treatments is cooled down to room temperature 
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and, thus, the ink-philic and ink-repellent characteristics 
are given to the predetermined regions separately. 
[0073] 

The electrode surfaces 23c of the pixel electrodes 23 
and the lyophilic control layer 25 are affected to some 
extent by the CF 4 plasma treatment. However, the materials 
of the pixel electrode 23, such as ITO, and the materials of 
the lyophilic control layer 25, such as Si0 2 or Ti0 2 , do not 
have affinity to fluorine. Accordingly, hydroxy groups 
introduced in the step of giving ink-philic characteristics 
are not replaced with fluoride groups, and the ink-philic 
characteristics are thus maintained. 

[0074] 

Then, the step of forming hole inj ection/ transport 
layers is performed to form hole injection/transport layers 
70 shown in Fig. 10 (n) . In the step of forming hole > 
injection/transport layers, a material ink containing 
materials of the hole injection/transport layers is 
deposited on the electrode surfaces 23c by an ink jet 
technique, followed by drying. Thus, the hole 
injection/transport layers 70 are formed on the electrodes 
23. Preferably, this hole injection/transport layer forming 
step and subsequent steps are performed in an atmosphere of 
an inert gas, such as nitrogen or argon, in order to prevent 
the hole injection/transport layers 70 and the organic EL 
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layers 60 from oxidizing. 

In the ink jet technique, a discharge head (not shown) 
filled with a material ink containing the material of the 
hole injection/transport layers 70, such as PEDOTrPSS, 
discharges droplets of the material ink, each of whose 
volume is controlled, onto the electrode surfaces 23c 
through discharge nozzles opposed to the electrode surfaces 
23c in the openings 25a in the lyophilic control layer 25 
while being shifted relatively with respect to the base 
material (substrate 20) . Then, the discharged material ink 
drops are dried to evaporate the polar solvent contained in 
the material ink, and thus the hole injection/transport 
layer 70 is formed. 

The material ink can be prepared by dissolving, for 
example, PEDOTrPSS in a polar solvent, such as isopropyl 
alcohol. Discharged droplets spread. over the electrode 
surfaces 23c subjected to the ink-philic treatment and the 
bottoms of the openings 25a of the lyophilic control layer 
25. On the other hand, the surface of the organic bank 
layer 221 repels the droplets because of the ink-repellent 
characteristics. Therefore, even if a droplet deviates from 
predetermined discharge positions and lands on the surface 
of the organic bank layer 221, the surface is not wetted 
with the' droplet, and the repelled droplet falls into the 
opening 25a of the lyophilic control layer 25. 
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[0075] 

Then, the organic EL layers 60 are formed in the step 
of forming the organic EL layers, as shown ■ in Fig. 10 (n) . 
In this step, material inks each containing a material of 
the organic EL layers are discharged. on the hole 
injection/transport layers 70 by an ink jet technique, as in 
above, followed by drying and heating. Thus, the organic EL 
layers 60 are formed in the openings 221a of the organic 
bank layer 221. 

[0076] 

In the organic EL layer forming step, a nonpolar 
material incapable of dissolving the hole 

injection/ transport layers 70 is used as a solvent of the 
material ink for the organic EL layers to prevent the hole 
injection/transport layers 70 from redissolving . 

In the organic EL layer forming step, for example, a 
discharge head (not shown) filled with a material ink 
containing the material of the blue (B) organic EL layers 60 
discharges controlled amounts of droplets of the material 
ink onto the hole injection/transport layers 70 in the 
openings 25a of the insulative lyophilic control layer 25 
through discharge nozzles opposed -to the hole 

injection/ transport layers 70 while being shifted relatively 
with respect to the base material (substrate 20) . 
[0077] 
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Discharged droplets spread over the surfaces of the 
hole injection/ transport layers 70, thus filling the 
openings 25a of the lyophilic control layer 25. On the 
other hand, the surface of the ink-repellent organic bank 
layer 221 repels the droplets because of the ink-repellent 
characteristics. Therefore, even if a droplet deviates from 
predetermined discharge positions and lands on the surface 
of the organic bank layer 221, the surface is not wetted 
with the droplet, and the repelled droplet falls into the 
openings 25a of the lyophilic control layer 25. Thus, the 
material ink is deposited in the openings 221a of the bank 
layer 221 to fill them. Then, the discharged droplets are 
dried to evaporate the nonpolar solvent contained in the ink, 
and thus the organic EL layers 60 are formed. For R, G, and 
B color organic EL layers 60, their respective inks are 
discharged corresponding to the R, G, and B display regions. 
[0078] 

The hole injection/transport layers 70 and the organic 
EL layers 60 are formed by the respective ink jet processes 
with the angles of the discharge heads controlled according 
to the dot pitch of luminescence. 

[0079] 

Then, the organic EL layers 60 are formed in the step 
of forming the organic EL layers, as shown in Fig'. 10 (n) . . 
In this step, metals compounds LiF and SrF 2 are used as the 
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material ..of the electron" injection layer 52, and they are 
deposited in increasing order of. work function. 
Specifically, LiF is first deposited and then SrF 2 is 
deposited. In .this step, vapor deposition is performed 
using the vapor-deposition apparatus shown in Fig. 11. 
[0080] 

The deposition apparatus 180 shown in Fig. .11 includes 
a treatment chamber 182, a vacuum controller 186 for 
evacuating the treatment chamber 182, a substrate holder 187 
for holding a substrate 20 to be subjected to vapor 
deposition, a temperature controller 188 for controlling the 
temperature of the substrate 20 to a predetermined value, 
and .a deposition source 189 for heating materials. 

In the deposition apparatus 180, the deposition source 
189 vaporizes the materials to deposit their molecules on 
the substrate 20 while the treatment chamber 182 is 
controlled at a predetermined temperature and pressure and 
the substrate 20 is set at a predetermined temperature. 
Thus, the molecules of the materials form a uniform thin 
film on the substrate 20. The deposition apparatus 180 
facilitates the formation of a thin film made of a desired 
material, and besides can form a thin film with a thickness 
on the order of nanometers. 

[0081] 

In the formation of the electron injection layer using 
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the vapor deposition apparatus 180, first LiF is placed on 
the deposition source 189 and the LiF is uniformly deposited 
on the substrate 20 to form a LiF layer of the electron 
injection layer. Preferably, the LiF layer has a thickness 
of 1 to 4 run. 

Then, SrF 2 is place on the deposition source 189 and the 
SrF 2 is uniformly deposited on the LiF layer. 
[0082] 

Turning to Fig. 10 (o) , the cathode 50 is formed by 
vapor deposition in the step of forming a cathode. The 
cathode 50 includes a first cathode layer and a second 
cathode layer. The first cathode layer is preferably formed 
of Ca, which reduces the LiF and SrF 2 in the electron 
injection layer 52. The second cathode layer is preferably 
formed of a conductive material capable of protecting the 
first cathode layer from oxygen and water, and Al is 
suitable. The cathode 50 is uniformly deposited over the 
entire surface of the electron injection layer 52. 

[0083] 

Finally, a sealing step is performed so as to form the 
sealing substrate .30, as shown in Fig. 10(o). In the 
sealing step, the sealing substrate 30 is bonded to the 
substrate 20 with an adhesive 40, having the dryer 45 inside. 
Preferably, the sealing step is performed in an atmosphere 
of an inert gas, such as nitrogen, argon, or helium. 
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[0084] 

In the EL display device manufacturing method, the 
electron injection layer forming step forms the'LiF layer 
and the SrF 2 layer in increasing order of work function. 
Thus, the resulting EL display device has organic EL layers 
60 exhibiting enhanced luminescent characteristics. In 
addition, the cathode 50 includes the Ca layer provided by 
vapor deposition. Since the Ca reduces the LiF and SrF 2 , 
the luminescent characteristics of the organic EL layers 60 
can be further enhanced. 

Moreover, since the electron injection layer 52 and the 
cathode 50 are uniformly formed through a series of 
depositions over the entire surface without patterning by 
mask deposition, the manufacture of the EL display device 
can be facilitated. Furthermore, since the electron 
injection layer 52 and the cathode 50. are uniformly provided, 
the resulting EL display device can produce RGB color images 
with gradation. 

[0085] 
[Second Embodiment] 

Electronic apparatuses including an EL display device 
according to the first embodiment will now be described with 
reference to Fig. 12. ( 

Fig. 12(a) is a perspective view of a cellular phone. 
In Fig. 12(a), reference numerals 1000 and 1001 designate a 
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body of the cellular phone and a display using an EL display 
device described above, respectively. 

Fig. 12(b) is. a perspective view of a wristwatch type 
electronic apparatus. In Fig. 12(b), reference numerals 
1100 and 1101 designate a body of the wristwatch and a 
display using an EL display device described above, 
respectively . 

Fig. 12(c) is a perspective view of a portable 
information processing apparatus such as a word processor or 
a personal computer. In Fig. 12(c), reference numerals 1200, 
1201, 1202, and 1203 designate the information processing 
apparatus, an input region such as a keyboard, a body of the 
information processing apparatus, and a display including an 
EL display device described above, respectively. 

[0086] 

Each of the electronic apparatuses shown in Figs. 12(a) 
to 12(c) includes the EL display device according to the 
first embodiment. Accordingly, these apparatuses exhibit 
the characteristic features of the EL display device of the 
above-described first embodiment; hence, they are superior 
electronic apparatuses . 

Such an electronic apparatus is manufactured by 
embedding the EL display device 1 according to the first or 
second embodiment in the display portion of an electronic 
apparatus, such as a cellular phone, a potable information 
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processing apparatus, or a wristwatch type electronic 
apparatus . 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a schematic illustration of a wiring 
arrangement of an EL display device according to a first 
embodiment . 

[Fig. 2] Fig. 2 is a plan view of the structure of the EL 
display device according to the first embodiment. 

[Fig. 3] Fig. 3 is a sectional view taken along line A-B 
in Fig. 2. 

[Fig. 4] Fig. 4 is a sectional view taken along line C-D 
in Fig. 2 . 

[Fig. 5] Fig. 5 is a fragmentary enlarged sectional view 
of ' the substantial part shown in Fig. 3. 

[Fig. 6] Fig.. 6 is a process view of a method for 
manufacturing the EL display device according to the first 
embodiment . 

[Fig. .7] Fig. 7 is a process view of a method for 
manufacturing the EL display device according to the first 
embodiment . 

[Fig. 8] Fig. 8 is a process view of a method for 
manufacturing the EL display device according to the first 
embodiment . . 

[Fig. 9] Fig. 9 is a process view of a method for 
manufacturing the EL display device according to the first 
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embodiment . 

[Fig. 10] Fig. 10 is a process view of a method for 
manufacturing the EL display device according to the first 
embodiment . 

[Fig. 11] Fig. 11 shows a vapor deposition apparatus for 
manufacturing the EL display device according to the first 
embodiment . 

[Fig. 12] . Fig. 12 shows representations of electronic 
apparatuses according to a. third embodiment. 

[Reference Numerals ] 

1: EL display device (electro-optic device), 23: pixel 
electrode (electrode), 50: cathode (electrode), 52: electron 
injection layer, 60: organic EL layer ( luminescent layer), 
1000, 1100, 1200: electronic apparatus 
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[Name of Document] ABSTRACT 
[Abstract] 

[Object] To provide an electro-optic device including an 
electron injection layer and a cathode that are uniformly 
formed over the substrate so that R, G, and B organic EL 
layers can exhibit enhanced luminescent characteristics, and 
to provide a method for manufacturing the electro-optic 
device and an electronic apparatus using the electro-optic 
device. 

[Solving Means] The electro-optic device includes plural 
types of luminescent layers 60 emitting different 
luminescent colors of light and an electron injection layer 
52 between electrodes 23 and 50 opposing each other. The 
electron injection layer 52 is formed by depositing a 
plurality of metal compounds. 
[Selected Figure] Fig. 5 
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